The 2nd Department of Bacteriology, National Institute of Health , Tokyo 141, Japan This paper describes a method of purification of ic-toxin free from other toxins of C. perfringens and some properties of the purified toxin.
MATERIALS AND METHODS
Culture filtrate : A peptone medium (Murata, Yamada and Kameyama, 1956) supplemented with cooked meat was used throughout the experiment.
When the meat was added at 5 g per 1 of the medium, no 0-toxin was produced in the culture filtrate. C. perfringens PB6K-N5 (Murata et al., 1965) was grown in the medium for 4-6 hr and cells were removed by continuous-flow centrifugation followed by filtration through a Seitz filter-pad EK (Toyo Roshi Co. Ltd.).
Concentrated toxin : Toxins were precipitated with zinc chloride at 1 % from the sterile filtrate and extracted with disodium phosphate according to Hosoya, Deguchi and Kagabe (1944) . Then ic-toxin was precipitated with ammonium sulphate at 60 % saturation.
The precipitate was dissolved in a small amount of saline, dialyzed against saline at 4 C and kept at -70 C until use. This solution was called "concentrated toxin ".
Antitoxins:
The National Standard Gas Gangrene Antitoxin (C. perfringens) was used for the titration of a-antitoxin and of a-toxin for the combining power as well as for the precipitation test in gel. Reference ic-antitoxin was a preparation of horse serum. a-Antitoxin was titrated by the egg yolk method (Ito, 1970) and the titer was expressed by the International Unit (IU). ic-Antitoxin was titrated by the azocoll EP method and the titer was expressed by the British Unit (BU) (Kameyama and Akama, 1970) . ic-Antitoxin (G) was a pool of sera of guinea pigs immunized with purified ic-toxin and the content of a-antitoxin was below 0.04IU/ml. One ml of the preparation was not able to neutralize 6 8-doses of a preparation of 0-toxin (see below), a-Antitoxin (R) was obtained by immunizing rabbits with a highly purified a-toxin (Sato, unpublished) and the content of ic-antitoxin was below 0.7 BU/ml . Beta toxin (Collagenase) of Clostridium histolyticum : A purified preparation of collagenase of C. histolyticum (Nagai, 1961) was obtained through the generosity of Dr. Nagai.
Estimation of toxins: ic-Toxin was usually titrated by the azocoll EP method described by Kameyama and Akama (1970) . The titer was expressed in terms of ic-dose (iD) and Lic for direct and indirect activities, respectively. icD was determined by comparing with the reference ic-toxin as before. One Lic was defined as the least amount of the toxin releasing the dye from azocoll EP in the presence of 1 BU of the reference ic-antitoxin. The collagenase activity was estimated by the method described before using acid soluble collagen as substrate (Kameyama and Akama, 1970) . a-Toxin was titrated by the egg yolk method described by Murata et al. (1965) and the amount of the toxin was expressed by Egg-Unit (EU) and Lv/5.
For the sake of convenience 5 X Lv/5 was called Lv in this report.
0-Toxin was titrated by the method described by Akama, Yamamoto and Kameyama (1969) . One theta dose was defined as the amount of the toxin causing complete lysis of sheep red blood cells in 0.5 % suspension in a final volume of 2 ml. Determination of activities of other enzymes : Hyaluronidase was determined by the method of Di Ferrante (1956) • Hyaluronidase activity was not separated from K-toxin by gel filtration, but separated effectively by chromatography on DEAF-cellulose (Fig. 2 a, b) .
The extent of purification of K-toxin and the yield at each step are summarized in Table 1 . Eight hundred and fifty-fold purification was attained from the culture filtrate with a yield of 23 %. The final preparation contained 846 kD and 537 Lk per mg protein.
Examinations for Homogeneity
Centrifugation of the purified toxin in sucrose density gradient gave a single peak; a constant specific activity was observed through the peak (Fig. 3) . Upon ultracentrif ugal analysis, although not strictly symmetrical, a single boundary with an S20w of 5.19 was observed.
The immunoelectrophoresis yielded a single precipitation line as shown in Plate 1. The double-diffusion test gave a single precipitation line at a concentration of 150 k D/0.1 ml (Fig. 4) . It is evident that the precipitation line was derived from k-toxin and antitoxin, since k-toxin activity on azocoll EP was inhibited completely at the line. (pH 7.5). Figure 7 indicates clearly that the toxin is most stable in borate buffer and least in phosphate buffer. Heat stability : The toxin was dissolved in borate buffer (pH 7.5) at a concentration of 1 mg per ml. The solution was heated at different temperatures for 10 min and assayed for the activity. The toxin was stable up to 40 C and then lost its activity abruptly, as shown in Fig. 8 .
Biological Activities of the Purified toxin
The toxin of approximately 30 pg killed mice within 1 hr. On autopsy, an intense hemorrhage of the lungs was invariably observed. No visible changes were observed in other organs.
The lethal activity of the toxin was comparable to that of 9-toxin of C. histolyticum.
Guinea pigs of about 400 g were injected subcutaneously with 140 pg of the toxin. The skin become soft and oedematous after 24 hr and serous fluid oozed out from the skin. The animals were killed with ether 3 days after the injection.
The skin at the site of lesion was removed easily. An extensive destruction of connective tissue was shown, but no visible changes were observed in the muscle layer. An extensive hemorrhage was observed in the lungs while other organs showed very little, if any, change. -Toxin solution at 1 mg per ml in borax-boric acid buffer (pH 7.5) was heated at various temperatures for 10 min and then quickly cooled in running water.
Activity was expressed as per cent that of a control solution kept at 5 C. Fig. 9 . Dosage response curve of f-toxin given by the intracutaneous injection.
The ordinate represents average diameter of hemorrhagic spots produced in rabbit skin after 24 hr; the abscissa amount of purified k-toxin. 
